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ABSTRACT
Adoptive transfer of tumor infiltrating lymphocytes (TIL therapy) has proven highly effective for treating 
solid cancers, including non-small cell lung cancer (NSCLC). However, not all patients benefit from this 
therapy for yet unknown reasons. Defining markers that correlate with high tumor-reactivity of the 
autologous TIL products is thus key for achieving better tailored immunotherapies. We questioned 
whether the composition of immune cell infiltrates correlated with the tumor-reactivity of expanded TIL 
products. Unbiased flow cytometry analysis of immune cell infiltrates of 26 early-stage and 20 late-stage 
NSCLC tumor lesions was used for correlations with the T cell differentiation and activation status, and 
with the expansion rate and anti-tumor response of generated TIL products. The composition of tumor 
immune infiltrates was highly variable between patients. Spearman’s Rank Correlation revealed that high 
B cell infiltration negatively correlated with the tumor-reactivity of the patient’s expanded TIL products, as 
defined by cytokine production upon exposure to autologous tumor digest. In-depth analysis revealed 
that tumor lesions with high B cell infiltrates contained tertiary lymphoid structure (TLS)-related immune 
infiltrates, including BCL6+ antibody-secreting B cells, IgD+BCL6+ B cells and CXCR5+BLC6+ CD4+ T cells, 
and higher percentages of naïve CD8+ T cells. In conclusion, the composition of immune cell infiltrates in 
NSCLC tumors associates with the functionality of the expanded TIL product. Our findings may thus help 
improve patient selection for TIL therapy.
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Introduction

Adoptive cellular therapy with tumor infiltrating lymphocytes 
(TILs) has shown high potential for the treatment of solid 
tumors.1 The exciting findings from small-scale phase I trials 
for advanced melanoma patients receiving TIL therapy2–6 were 
recently confirmed in a phase III clinical trial,7 revealing the 
great treatment potential of TIL therapy for metastasized mel-
anoma patients. Importantly, and as previously suggested by 
a small-scale study,8 this multi-center open-label trial demon-
strated that not only treatment-naïve patients responded to 
TIL therapy. It also showed efficacy in patients that were 
resistant to checkpoint inhibitors.7

Owing to these successes, the generation of tumor-reactive 
TIL products has been assessed for other solid tumors, includ-
ing bladder cancer,9 ovarian cancer,10 and renal cell cancer.11 

Additionally, we and others showed that TIL products 

generated from treatment-naïve non-small cell lung cancer 
(NSCLC)-patients contain poly-functional tumor-reactive 
T cell products.12,13 As for melanoma alike,7,8 we found tumor- 
reactive T cells also in TIL products from late-stage pretreated 
NSCLC patients, indicating that TIL therapy could potentially 
be broadly applicable to NSCLC patients.14 In line with these 
findings, a first very promising phase I clinical trial with TIL 
therapy in PD1-refractory patients recently reported a reduced 
tumor burden in most patients.15 Consequentially, more clin-
ical trials with TIL therapy are expected to start in the near 
future.16,17

However, similar to treatments with checkpoint 
inhibitors,18–21 not all patients respond equally well to TIL 
therapy. For metastatic melanoma, 10–20% of the patients 
undergo long-term complete remission.6,10 Others, however, 
undergo only partial remission or stable disease, or do not 
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benefit from TIL therapy at all.4,6,7,15,22 To date, reports on 
indicators that stratify patients with a high likelihood to gen-
erate tumor-reactive TIL products are scarce. Such prediction 
tools are thus in high demand, as they will help select the 
patients who will benefit most from TIL therapy.

The divergent response rate to treatment with checkpoint 
inhibitors has been attributed to the immune cell composition 
of the tumor microenvironment (TME).21,23,24 In particular 
high percentages of B cell infiltrates, and the presence of 
tertiary lymphoid structures (TLS) have been indicated as 
positive indicators of responding to checkpoint 
inhibitors.23,25 Also for TIL therapy, first indications have 
been collected to study the influence of the TME composition 
on generating TIL products. In melanoma patients, the T cell 
differentiation status was proposed to correlate with the effi-
cacy of the TIL product,5,26 and in a small cohort, a correlation 
with the activation status of macrophages and dendritic cells 
was observed.27 For NSCLC-derived TIL products, such corre-
lations with the immune cell infiltrates in tumor lesions have, 
to our knowledge, not yet been reported. We hypothesized that 
studying the immune cell compartment in NSCLC tumor 
digests at baseline could potentially provide important insights 
into the quality and tumor-reactivity of expanded TIL 
products.

In this study, we mapped the immune cell infiltrates from 26 
treatment-naïve early-stage and from 20 pre-treated late-stage 
NSCLC patients. Lymphoid cells were enriched in most tumor- 
specific immune infiltrates. Yet, we observed a high inter- 
patient variation. Notably, whereas NKT cells and neutrophils 
positively correlated with tumor-reactive T cells in expanded 
TIL products, B cells and conventional CD4+ T cells displayed 
a negative correlation. In particular, tumors with high B cell 
infiltrates displayed immune infiltrates related to mature ter-
tiary lymphoid structure (TLS). We therefore postulate that 
mature TLS-related immune infiltrates negatively impact the 
tumor-reactivity potential of expanded TIL products.

Results

Tumor lesions display an influx of lymphoid cells, 
irrespective of the disease stage

To study the composition of immune cell infiltrates in 
NSCLC tumor lesions, we collected tumor and adjacent 
lung tissue from 26 early-stage, treatment-naïve patients, 
and metastatic tumor lesions from 20 late-stage NSCLC 
patients. Late-stage patients had different histories of 
treatment, including chemotherapy, immunotherapy, 
chemo-immuno combination therapy, or small-molecule 
inhibitor therapy (EGFR and ALK inhibitors; Table 1). 
27 female and 19 male patients between 37 and 87 years 
of age (mean 63.2 years) were included, of which 37 
patients (78%) had a history of smoking. Tumor size 
ranged from 0.7–8 cm2, with an average of 3.5 cm2 

(Table 2).
We obtained more viable cells per gram tissue from enzy-

matically digested early-stage tumor lesions (32.3×106 

±23.8×106) than from the paired adjacent lung tissue 
(16.0×106 ±25.3×106, p = 0.0013; Table 2, Figure 1(a), 

supplemental figure S1A). Tissue digests from late-stage 
tumors contained comparable numbers of viable cells per 
gram tissue cell to early-stage tumors (34.1×106 ±34.6×106; 
Table 2, Figure 1(a)). The lung digest contained higher percen-
tages of CD45+ immune cell infiltrates (29.6% ± 18.5%) than 
both early- and late-stage tumors (21.4% ± 20.0% and 16.0% ±  
20.1%, respectively; p = 0.024; Figure 1(b)). Nevertheless, the 
number of CD45+ cells isolated per gram tissue was similar 
from lung and tumor digests (Figure 1(c)).

To define the percentage of lymphoid (T cell, B cell, NK 
cell, NKT cell) and myeloid (neutrophil, monocyte, dendritic 
cell) infiltrates, we performed an integrated multi-parameter 
flow cytometry analysis followed by a multistep analysis in 
R as described in the methods section (Table 3, supplemental 
figure S1, supplemental figure S2A). CD45+ immune cells 
that could not be attributed to one specific cell subset based 
on the antibody panel we used (Table 3) were defined as 
‘unclassified’. The percentage of unclassified CD45+ cells 
(which should include e.g. basophils, mast cells, eosinophils 
and possibly MAIT cells) was substantially reduced in early- 
stage tumor lesions compared to lung tissue, a feature that 
was not sustained in late-stage tumors (Figure 1(d,g)). 
Overall, early- and late-stage tumor lesions were more alike 
than early-stage tumors with the paired lung tissue (Figure 1 
(d)). In accordance with previous studies,28,29 we found an 
increase of T cells and B cells in tumor lesions, at the cost of 
myeloid and NK cell infiltrates in the tumor lesions 
(Figure 1(d–h)).

Importantly, we observed a high interpatient variability in 
immune infiltrate composition (Figure 1(e–h)). For example, 
the interquartile range of B cell infiltrates in late-stage tumors 
ranged from 3.4% to 10.3% (Figure 1(g)), but it could be as 
little as 0.3% and as much as 44.6% in patients. Similarly, 
neutrophil infiltration ranged from 0.1% to 33.8%. Thus, 
tumor lesions display increased T and B cell infiltrates com-
pared to healthy lung, yet the overall composition of immune 
infiltrates in NSCLC tumor lesions is highly variable between 
patients, irrespective of their disease stage.

B cell tumor infiltration positively correlates with CD4+ 

conventional T cell infiltrates

Because immune cell infiltrates communicate with each 
other,24 we examined how the presence of one immune cell 
subset related with that of others, using the Spearman’s corre-
lation coefficient (rs). We first examined the lung and tumor 
lesions individually (supplemental figure S2). For lung tissue, 
CD8+ T cell infiltrates positively correlated with the presence of 
Tregs and DCs (supplemental figure S2B,C). Early- and late- 
stage tumor lesions also displayed some correlations between 
immune cell infiltrates (supplemental figure S2D–G). To 
define correlations of immune infiltrates common to early- 
and late-stage tumors, we combined the two NSCLC cohort. 
In particular the positive correlation between neutrophil and 
monocyte infiltrates (rs = 0.35, p = 0.017) and between B cell 
and conventional CD4+ T cell infiltrates (rs = 0.43, p = 0.0042) 
was conserved (Figure 2(a,b); supplemental figure S2H), sug-
gesting a tumor-intrinsic correlation between different 
NSCLC-infiltrating immune cell subsets.
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Divergent immune infiltrate composition does not show 
effects on TIL expansion

Successful TIL therapy requires sufficient expansion to achieve 
a clinical response.2 To define whether the cellular composition 
of the tumor digest correlated with the capacity of TILs to 
expand in vitro, we used TIL expansion data we previously 
reported,12,14 and complemented them with the analysis for 
tumors from newly recruited patients (Table 1). We observed 
no overt correlations of the percentage of immune infiltrates 
with the fold expansion rate during the pre-REP (first 10–13  
days of expansion) and the REP phase (second 10–13 days of 
expansion), except from a slight negative correlation of con-
ventional CD4+ T cells with TIL expansion during the pre-REP 
phase (rs=-0.35, p = 0.031; Figure 2(c,d)). We did not observe 

any gender- or age-related correlations in terms of TIL expan-
sion (supplemental figure S2I). Overall, the composition of 
immune infiltrates in digested tumor lesions had a limited 
effect on the TIL expansion from the same lesion.

B and NKT cell infiltrates in the TME correlate with 
tumor-reactivity of expanded TIL products

Another key objective for effective TIL therapy is the presence 
of tumor-reactive T cells in the expanded TIL product. We 
therefore questioned whether any immune cell type present in 
tumor digest correlated with tumor reactivity of the TIL 
products.12,14 Tumor reactivity was defined by CD137 (4-1BB) 
expression, by the production of at least one of the key pro- 

Table 1. Patient cohort.

Patient ID Published Age years
Gender 

M/F
Smoking 

cigarettes/day
Clinical stage a 

TNM7/TNM8
Patient outcome 

SD/PD/D
Tumor size 

cm2 Treatment Met. Location

12 *12 70 F yes (20/d) IIB D 5,6 naive -
13 *12 57 F yes (8/d) IA SD 1,7 naive -
14 *12 37 F yes (20/d) IA PD 2,3 naive -
16 *12 63 F yes (20/d) IIB SD 4,9 naive -
17 *12 69 F yes (10/d) IB D 2,7 naive -
18 *12 56 F yes (6/d) IB SD 3,5 naive -
19 *12 79 F yes (5/d) IB SD 4,2 naive -
20 *12 73 M yes (30/d) IIIA SD 8 naive -
21 *12 51 F yes (8/d) IA PD 2,7 naive -
23 *12 61 M yes (10/d) IA3 SD 2,3 naive -
25 *12 69 M yes (20/d) IA D 2,3 naive -
30 80 M no (never) IIIB D 4,8 naive -
31 71 M yes (8/d) IB PD 3,7 naive -
32 74 F no (never) IA SD 2,6 naive -
33 72 M yes (25/d) IIB SD 1,7 naive -
38 59 F yes (40/d) IIIB D 5,7 naive -
40 66 F yes (5/d) IIIA SD 4,2 naive -
42 69 F yes (8/d) IA PD 1,5 naive -
46 65 M yes (20/d) IIB PD 2,5 naive -
47 65 F yes (25/d) IA SD 1,8 naive -
48 54 F yes (6/d) IIIB D 5 naive -
49 59 F yes (18/d) IIIA D 1,5 naive -
50 72 M yes (20/d) IA SD 2,1 naive -
51 72 M yes (10/d) IIB 5 naive -
57 46 M yes (13/d) IIIA SD 5,3 naive -
60 72 F yes (17/d) IIA SD 1,2 naive -
IV_01 *14 64 M yes (unknown) IV SD 4,7 Immuno Lung
IV_02 *14 64 F no (never) IV D 3,2 Chemo Lung
IV_03 *14 45 M unknown IIIA SD 1,5 Naive Lymphnode
IV_06 *14 50 F yes (20/d) IV PD 3,5 Immuno Lymphnode
IV_07 *14 58 M yes (6/d) IV PD 2,4 Immuno Lung
IV_08 *14 57 F no (never) IV PD 0,1 Immuno Lung
IV_09 *14 55 M no (never) IV PD 2,5 EGFR-inh Lung
IV_11 *14 60 F yes (13/d) IV D 1,2 Naive Subcutaneous tissue
IV_12 *14 69 F no (never) IV PD 4,6 EGFR-inh Liver
IV_13 *14 53 M no (never) IV D 3 ALK inh Adrenal gland
IV_14 *14 70 F yes (20/d) IV D 7,5 Chemo Adrenal gland
IV_15 *14 66 M unknown IV D 4,5 Chemo-immuno Subcutaneous tissue
IV_16 *14 87 M yes (8/d) IV D 7,5 ALK inh Adrenal gland
IV_18 *14 60 M yes (30/d) IV SD 7,1 Chemo-immuno Spleen
IV_19 *14 47 F yes (5/d) IV D 3,5 Immuno Adrenal gland
IV_21 *14 40 F yes (25/d) IV SD 1,7 Chemo-immuno Adrenal gland
IV_25 *14 73 M yes (10/d) IV D 3,7 Chemo Adrenal gland
IV_27 *14 72 F yes (5/d) IV D 1,2 Chemo Lung
IV_28 64 F yes (30/d) IV D 4,5 EGFR-inh Lung
IV_30 73 F yes (10/d) IV SD 2,2 Immuno Lung

M = male, F = female, TNM = tumor, nodes and metastasis, SD = stable disease, PD = progressive disease, D = diseased. 
aAmerican Joint committee on Cancer: Lung Cancer Staging. 
*12 De Groot, R. et al. Polyfunctional tumor-reactive T cells are effectively expanded from non-small cell lung cancers, and correlate with an immune-engaged T cell 

profile. Oncoimmunology 8, (2019). 
*14 Castenmiller, S. M. et al. Effective generation of tumor-infiltrating lymphocyte products from metastatic non-small-cell lung cancer (NSCLC) lesions irrespective of 

location and previous treatments. Immuno-Oncology Technol. 15, 100090 (2022).
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inflammatory cytokines (IFNγ, TNF and IL-2) and the capacity 
to produce two or more cytokines simultaneously (polyfunc-
tional T cells) upon exposure to autologous tumor digest for 6– 
7 hours (Table 2), as previously described.12,14 The percentage 
of NKT cells in the TME positively correlated with CD137 
expression on expanded CD4+ TILs (rs = 0.51, p = 0.0016), and 
the percentage of neutrophils positively correlated with cytokine 
production of expanded CD4+ TILs (rs = 0.38, p = 0.019) 
(Figure 2(e,f)). Notably, this positive correlation between neu-
trophils and cytokine production of CD4+ TILs was even more 
prominent, when we subdivided the samples into TIL cultures 
that were directly cultured (rs = 0.48, p = 0.013) compared to 
samples that were cryo-preserved (n = 13; Figure 2(f)). 
Surprisingly, however, the percentage of conventional CD4+ 

T cells in the TME negatively correlated with cytokine 

production of expanded CD4+ TILs (rs=-0.38, p = 0.022) 
(Figure 2(e,f)). Even more prominently, the percentage of 
B cells in the TME negatively correlated with cytokine pro-
duction by expanded CD8+ TILs (rs=-0.47, p = 0.0031) 
(Figure 2(e,f)). A similar trend was observed for CD4+ TILs 
(Figure 2(e)). Lastly, the percentage of conventional CD4+ 

T cells in the TME negatively correlated with polyfunctional 
CD8 TILs (Figure 2(e,f)). Thus, TIL products that were gen-
erated from tumor lesions with high B cell and conventional 
CD4+ T cell infiltrates correlated with TIL products display-
ing lower percentages of tumor reactivity. Again, we did not 
observe any gender- or age-related correlations in terms of 
tumor reactivity (supplemental figure S2J). Of note, for 
a subset of this cohort (29 samples), we also measured the 
expression of CD107α, a degranulation marker (Figure 2(e)). 

Table 2. TIL characteristics.

Patient ID

ex vivo
postREP 

phenotype T cell functionality

Tumor Lung Tumor Lung Tumor Lung % of CD3 (tumor) Expansion
% of 

lymphocytes %CD137
% 

Cytokinesb

Cells/gram tissue %CD45 CD45/gram tissue preREP REP total CD4 CD8 CD4 CD8 CD4 CD8

12 3,33E + 06 2,50E + 06 23 41,6 7,66E + 05 1,04E + 06 14,82 69,73 9,20 750 56,3 42,2 1,2 1,9
13 8,33E + 07 1,33E + 08 33,6 8,4 2,80E + 07 1,12E + 07 25,77 61,60 12,16 1.2 410 492 71,5 21,2 0,1 2,2 0,5 1
14 4,00E + 06 1,64E + 06 19,9 52,2 7,96E + 05 8,56E + 05 25,19 72,51 2,21 1 600 600 2,88 97,1 1,1 0,7 0,5 0,4
16 2,43E + 07 1,80E + 07 3,9 36,4 9,48E + 05 6,55E + 06 29,02 32,29 8,53 2.2 304 668.8 6,7 81,9 0 0 0,3 0,2
17 6,46E + 06 1,26E + 06 60 71,3 3,88E + 06 8,98E + 05 3.5 1250 4375 72,3 24,5 2,3 3 16 2,5
18 6,00E + 06 6,00E + 05 16,1 17,8 9,66E + 05 1,07E + 05 36,23 52,85 5,17 2.2 625 1375 44,1 49,6 1,9 1,3 0,5 0,8
19 6,40E + 06 4,22E + 06 24,4 38,4 1,56E + 06 1,62E + 06 52,48 32,80 10,51 60,5 37,3 4,6 2 2,4 1,9
20 9,26E + 06 2,00E + 06 0,5 16,3 4,63E + 04 3,26E + 05 48,28 23,21 10,29 1.5 675 1012.5 14,7 80,2 1,6 4,7 2,6 1,5
21 4,92E + 07 1,78E + 07 9 14 4,43E + 06 2,49E + 06 35,31 29,00 4,10 1 50 50 63,3 34,2 3,6 4,6 2,5 4,5
23 2,40E + 07 2,00E + 06 72,5 31,1 1,74E + 07 6,22E + 05 21,93 66,94 8,20
25 5,35E + 07 2,69E + 07 71,3 42,3 3,81E + 07 1,14E + 07 42,17 44,74 10,00 1.3 50 65 59,1 35,4 1,8 6,4 1,2 1,6
30 4,92E + 07 1,78E + 07 14,9 36,4 7,32E + 06 6,48E + 06 13,80 61,08 11,05 2 400 800 45,7 14,1 4,3 1 1,8 0,5
31 5,82E + 07 1,23E + 07 26,6 28,9 1,55E + 07 3,56E + 06 30,24 53,34 9,51 2 125 250 29,0 21,4 4,7 2,8 0 0
32 1,50E + 07 9,09E + 06 25,9 29,8 3,89E + 06 2,71E + 06 21,83 53,04 0,31 2 500 1000 27,9 68,7 0 0,2 0 0
33 1,50E + 07 2,86E + 07 7,14 29,9 1,07E + 06 8,54E + 06 38,23 54,00 0,22 2 200 400 39,8 54,7 0,6 0,3 1 1,5
38 3,10E + 07 1,33E + 06 24,8 34,6 7,69E + 06 4,60E + 05 6,39 24,54 0,41 2 600 1200 41,3 40,3 1,1 2 1,6 38,7
40 3,20E + 07 5,33E + 06 2,3 32,6 7,36E + 05 1,74E + 06 2 160 320 10,3 56,5 0,3 0,2 0,4 0,9
42 2,29E + 07 1,65E + 07 20 19,2 4,58E + 06 3,17E + 06 5,34 54,45 4,40 2 500 1000 23,4 48,8 0,4 0,7 1,7 1,4
46 8,25E + 07 2,50E + 07 32,3 2,66E + 07 48,11 28,44 6,42 10 30 300 23,8 54,8 1,5 3 0,5 0,1
47 6,07E + 07 1,53E + 07 1,3 6,2 7,89E + 05 9,49E + 05 3,65 18,88 0,20 1,1 20 22 54,3 13,3 0,2 0,4 0,1 0,2
48 2,57E + 07 1,06E + 07 2,4 62,7 6,17E + 05 6,65E + 06 4,67 31,40 2,09 5 230 1150 46,4 27,8 0,7 0,9 0,2 0,8
49 2,07E + 07 2,00E + 07 1,4 1,8 2,90E + 05 3,60E + 05 38,34 27,00 0,11 2 125 250 45,9 40 1 1 0,6 1,1
50 6,29E + 07 6,15E + 06 10,4 19,5 6,54E + 06 1,20E + 06 51,39 23,84 0,41 3 1300 3900 20,1 51,1 0,4 1,5 0,1 0,2
51 2,50E + 07 1,75E + 07 20 7,9 5,00E + 06 1,38E + 06 13,43 13,98 5,66 3 400 1200 2,2 24,9 6,9 3,2 5,1 0,9
57 4,87E + 07 1,38E + 07 6,9 56,6 3,36E + 06 7,81E + 06 31,90 29,45 0,37 20 20 400
60 2,08E + 07 7,30E + 06 26,6 5,1 5,53E + 06 3,72E + 05 39,90 47,40 8,64 10 80 800
IV_01 1,55E + 07 5,9 9,15E + 05 48,94 17,41 3,40 12 50 587 13,1 50,6 0,7 4,4 12,5 6,6
IV_02 3,76E + 07 18 6,77E + 06 28,20 42,08 21,62 6 37 212 91,5 6,1 0,3 1,7 3,9 4,2
IV_03 3,45E + 07 40,6 1,40E + 07 22,81 32,24 5,27 2 90 146 6,7 71,4 7,6 1,6 11,4 1,5
IV_06 6,67E + 07 46,4 3,09E + 07 35,31 41,11 14,19 66 59 3935 40,5 45,6 0 0 1,3 0
IV_07 1,59E + 08 67,4 1,07E + 08 60,28 23,79 15,35 181 22 3984 21,9 66,8 0 0,3 2,6 5,5
IV_08 2,75E + 07 5,3 1,46E + 06 12,46 30,05 2,40 67 124 8346 55,6 39,5 0 0 2,6 0
IV_09 7,60E + 06 20,2 1,54E + 06 19,48 34,32 14,74 26 11 277 16,4 71,3 2,1 2 3,4 2,5
IV_11 1,67E + 07 0,3 5,00E + 04 26,74 56,88 16,17 40 3 120
IV_12 1,55E + 07 1,1 1,71E + 05 55,16 42,31 1,56 168 160 26827 9,9 78,3 1 1,4 2,2 1,2
IV_13 3,76E + 07 3,2 1,20E + 06 51,38 29,60 7,88 24,8 44,5 3,3 5,8 4,6 5,1
IV_14 5,58E + 07 51,1 2,85E + 07 11,97 46,19 20,30 13 44 579 48,3 38,5 1,6 0 7,5 3,9
IV_15 5,99E + 06 1,9 1,14E + 05 47,47 30,77 7,75 24 17 408 8,11 79 11,4 0,4 13,3 0,4
IV_16 3,37E + 07 12,6 4,25E + 06 84,00 14,31 1,69 6 28 177 51,7 43,4 10 2,1 10,1 2,5
IV_18 1,10E + 07 1,2 1,32E + 05 33,90 20,52 6,24 107 79 8382 29 50 0 0 1,8 1,6
IV_19 3,97E + 07 0,5 1,98E + 05 54,88 26,67 8,32 2 298 728 74,6 17,5 0,3 0 0 0,7
IV_21 1,05E + 07 1,2 1,26E + 05 44,11 37,52 4,06 9 24 212 50,8 42,1 10,4 14 11,9 4,4
IV_25 2,40E + 07 0,1 2,40E + 04 44,36 47,56 2,13 10 23 230
IV_27 6,20E + 07 27,1 1,68E + 07 30,76 27,51 7,18 10 45 450
IV_28 1,50E + 07 8,1 1,22E + 06 40,90 34,98 10,58 10 130 1300
IV_30 7,00E + 06 7 4,90E + 05 12 120 1440

REP: rapid expansion phase. 
bBased on the production of at least one of the key cytokines (IFNγ, TNF, and/or IL-2).
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No significant correlations were observed between the 
immune infiltrate and CD107α expression on either CD4 or 
CD8 TILs after co-culture (Figure 2(e)).

Activation status of neutrophils negatively correlates with 
tumor-reactivity of TIL products

The activation status of TME infiltrates has been reported to 
influence the presence and functionality of tumor-reactive 
T cells,30–33 a feature that was also reported for NSCLC.29,34 PD- 
L1, which is expressed mainly on activated myeloid cells, but can 
also be found on lymphoid cells,35,36 plays a key role in suppres-
sing inflammatory immune responses.37 Likewise, HLA-DR is 
expressed on activated antigen presenting cells such as DCs, 
monocytes and B cells, and on activated T cells.34,38,39 We 
questioned whether the PD-L1 or HLA-DR expression on the 
immune infiltrates could explain the high variety of anti-tumor 
responses we observe in TIL products. In NSCLC infiltrates, 
DCs and monocytes displayed high percentages of PD-L1 and 
HLA-DR expression, irrespective of the disease stage (supple-
mental figure S3A, Figure 3(a,b)). B cells primarily showed high 
percentages of HLA-DR expression, again in both early- and 
late-stage tumors (Figure 3(a,b)). For all other cell types, the 
percentage of PD-L1 and HLA-DR expressing cells was more 
variable (Figure 3(a,b)). Of note, PD-L1 or HLA-DR expression 
on CD3+ T cell infiltrates did not correlate with increased Treg 
infiltration (supplemental figure S3B), indicating that PD-L1 or 
HLA-DR expression rather originated from conventional CD3+ 

T cells. The most prominent variation of PD-L1 and HLA-DR 
expression was observed for neutrophils (Figure 3(a,b)). 
Independently of the tumor stage, neutrophils showed very 
high, or very low expression of these two activation markers 
(Figure 3(a–c)). As for monocytes and DCs alike, PD-L1 or 
HLA-DR were by and large co-expressed (Figure 3(c)).

We next determined if PD-L1 or HLA-DR expression on 
immune cells corresponded with the composition of TME 
infiltrates. B cell infiltrates positively correlated with PD-L1 
expression on NKT and T cell infiltrates (Figure 3(d), supple-
mental figure S3C). In contrast, neutrophil and monocyte 
infiltrates negatively correlated with PD-L1 expression on 
T cells, and neutrophils with the PD-L1 expression on neutro-
phils, NK cells and monocytes (Figure 3(d), supplemental 
figure S3C). The HLA-DR expression correlates with TME 
infiltrates were less pronounced, yet, neutrophil infiltrates 
negatively correlated with HLA-DR expression on NK cells 
and neutrophils (Figure 3(e), supplemental figure S3D). Thus, 
the presence of neutrophils in the TME negatively correlates 
with the immune activation status of other TME immune 
infiltrates.

We also studied whether the PD-L1 or HLA-DR expression 
on TME infiltrates correlated with the tumor-reactivity of 
expanded TILs. We found no effect of PD-L1 and HLA-DR 
expression on B or T cells with tumor reactivity (Figure 3(f,g)). 
In contrast, PD-L1-expressing DCs in the TME positively 
correlated with CD137 expression on expanded CD4+ and 
CD8+ TILs (Figure 3(f), supplemental figure S3E), suggesting 
that the presence of activated DCs points to the presence of 
tumor-reactive T cells. Interestingly, PD-L1 and HLA-DR 
expression on neutrophils negatively correlated with cytokine 

expression of tumor-exposed expanded TILs (Figure 3(f,g); 
supplemental figure S3E,F). Thus, not only the overall presence 
of neutrophils in NSCLC tumors negatively correlates with the 
percentage of tumor-reactive T cells in TIL products, but also 
their PD-L1 and HLA-DR expression levels.

B cell infiltrates correlate with T cell differentiation status 
and are indicative of mature tls-related immune infiltrates

Previous studies proposed that the T cell differentiation status 
in melanoma patients correlated with the efficacy of TIL 
therapy.5,26 Also in NSCLC patients, the T cell differentiation 
status can greatly vary.40 To determine whether the T cell 
differentiation status correlated with the tumor-reactivity of 
expanded TILs, we measured the percentage of naïve T cells 
(Tn), central memory T cell (Tcm), effector memory cells 
(Tem), and terminally differentiated effector T cells (Temra) 
ex vivo, based on CD27 and CD45RA expression for all 46 
NSCLC patients (supplemental figure S4A; Table 2). Naive 
CD4+ and CD8+ T cells correlated negatively with CD137 
expression and with cytokine expression of expanded TIL 
products (Figure 4(a), supplemental figure S4B), suggesting 
that high levels of naïve T cells in the TME result in inferior 
tumor reactivity of the TIL products. Central memory CD8+ 

T cells negatively correlated with polyfunctional CD8 TILs 
(Figure 4(a), supplemental figure S4B). Interestingly, B cell 
infiltrates positively correlated with the presence of naïve 
CD8+ and CD4+ T cells, at the expense of effector memory 
T cells (Figure 4(b), supplemental figure S4C). Combined with 
the observation that B cell infiltrates positively correlated with 
CD4+ T cell infiltrates (Figure 2(a)), but negatively correlated 
with tumor-reactive T cells in the expanded TIL product 
(Figure 2(e)), we hypothesized that increased B cell infiltration 
indicates recruitment of naïve bystander T cells, a feature that 
is observed in the presence of TLS.41–43 This could then possi-
bly alter the ratio of bystander naïve T cells and effector T cells 
containing the tumor reactive T cell population, and thus 
create a different, inferior, starting condition for the generation 
of TIL products (Figure 4(c)).

To test this hypothesis, we used the still available tumor 
digest of 2 patients with a low and 2 patients with a high 
percentage of B cell infiltrates for this analysis, because it is 
the starting material for generating TIL products. We profiled 
tumor-infiltrating B cells and CD4+ T cells in detail. 
Intriguingly, tumors with high B cell infiltrates contained 
higher percentages of class-switched IgG+ and IgA+ expressing 
B cells, and very low percentages of naïve IgM+IgD+ B cells 
(Figure 5(a,b)). Tumors with high B cell infiltrates also con-
tained more antibody secreting cells (ASC), with an increased 
population of CD138+ ASCs, which is indicative of the pre-
sence of follicle formation and plasma cells43 (Figure 5(b)). 
IgD+ B cells were almost exclusively present in tumors with 
high B cell infiltration (Figure 5(b)).

We also measured the BCL6 expression in the tumor digest 
of 2 patients with a low and 2 patients with a high percentage of 
B cell infiltrates.44 BCL6 expression was in particular found on 
CD38+ ASCs (Figure 5(c,d)), and co-expression of CD38 and 
BCL6 identifies germinal center (GC) B cells.44 Interestingly, 
BCL6 expression was also substantially elevated in IgD+ B cells 
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(Figure 5(c,d)), which identifies mantle zone B cells, typically 
found at the border of TLS.44 Concomitant with this finding, 
tumor lesions with high B cell infiltrates also contained 
CXCR5+ CD4+ follicular helper T cells45,46 (Tfh, n = 3) 
(Figure 5(e,f)), with percentages that were comparable to 
what was previously reported for tumor infiltrates.47,48 

Moreover, Tfh cells were undetectable in poorly B-cell infil-
trated tumors (Figure 5(e,f)). Importantly, BCL6 expression 
was exclusively detected in CXCR5+ CD4+ T cells, but not on 
CXCR5− conventional CD4+ T cells (Figure 5(f)), further con-
solidating that CXCR5+ CD4+ T cells are bona fide Tfh cells.49 

Lastly, in line with the correlation plots (Figure 4(b)), tumors 
with high B cell infiltration contained higher percentages of 

naïve CD4+ and CD8+ T cells (Figure 5(f)). Thus, we conclude 
that high B cell infiltrates in NSCLC tumors indicate the pre-
sence of GC B cells, mantle zone B cells, Tfh cells and naïve 
CD4+ and CD8+ T cells. This, in turn, negatively correlates 
with the tumor reactivity of expanded TIL products.

Discussion

The immune cell composition of the tumor microenvironment 
is a strong indicator for survival of cancer patients,23–25 which 
can influence the success rate of immune checkpoint blockade 
therapies.50–53 Here, we show that the tumor-reactivity of 
expanded TIL products from NSCLC tumors negatively 

Table 3. Detailed antibody panels.

Panel Marker Fluorchrome Dilution Clone Manufacturer

Immune cell composition CD45 BUV805 800 HI30 BD
CD19 BUV 737 400 SJ25C1 BD
CD20 BUV 737 100 2H7 BD
CD16 BUV 496 200 3G8 BD
CD1a BUV 395 100 HI149 BD
CD15 BV605 800 W6D3 Biolegend
CD3 BV510 200 SK7 Biolegend

CD11b BV421 200 ICRF44 Biolegend
CD11C PerCp-Cy5.5 50 3.9 Biolegend

HLA-DR FITC 200 L23(G46-6) BD
CD14 PECy7 200 63D3 Biolegend

CD274 PDL-1 PE 50 29E.2A3 Biolegend
live/dead APC/Cy7 1000 Thermofisher/Invitrogen

CD33 Alx700 100 WM53 BD
CD68 APC 25 Y1/82A Biolegend

T cell 
phenotype

CD3 PerCp-Cy5.5 100 SK7 Biolegend
PD-1 FITC 100 EH12-2H7 Biolegend
CD56 BV605 100 HCD56 Biolegend
CD27 BV510 200 O323 Biolegend

CD127 BV421 100 A019D5 Biolegend
CD8 BUV805 500 SK1 BD

CD45RA BUV 737 200 HI100 BD
CD4 BUV 496 200 SK3 BD

CD69 BUV395 100 FN50 BD
Live/dead APC-Cy7 800 Thermofisher/Invitrogen
CD45RO Alx700 50 UCHL1 Biolegend
FOXP3 ALX 647 25 259D Biolegend
CD103 PE-Cy7 200 Ber-ACT8 Biolegend
CD25 PE 25 BC96 Biolegend

Tumor 
reactivity

CD3 PerCP-cy5.5 100 SK7 Biolegend
IL2 Alx488 100 MQ1-17H12 Biolegend
TNF BV785 200 Mab11 Biolegend

CD154 BV510 100 24-31 Biolegend
PD-1 BV421 100 EH12.1 BD
CD8 BUV805 500 SK1 BD
CD4 BUV496 100 SK3 BD

CD107a BUV395 100 H4A3 BD
Live/dead APC-Cy7 1000 Thermofisher/Invitrogen

CD137 Alx647 100 4B4-1 Thermofisher/Invitrogen
IFNg PE 800 4S.B3 Biolegend

B cell and Tfh phenotype in TME CD11c PerCP 100 3.9 Biolegend
IgG BB515 100 G18-145 BD

CD27 BV650 200 L128 BD
IgM BV605 100 MHM-88 Biolegend
CD3 BV510 100 SK7 Biolegend

CD19 BV421 75 SJ25C1 Biolegend
CD21 BUV805 100 1048 BD

CD138 BUV737 100 MI15 BD
CD4 BUV661 100 SK3 BD

CD38 BUV496 100 HIT2 BD
CD24 BUV395 100 ML5 BD

Live/dead APC-cy7 1000 Thermofisher/Invitrogen
IgD AF647 75 IA6-2 BD
IgA PE 3000 2052-09 Southern-Biotech

CXCR5 PE-Dazzle594 100 J252D4 Biolegend
BCL6 PE-Cy7 400 7D1 Biolegend
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correlates with high B cell infiltrates in the tumor digest. High 
B cell infiltrates come with CD38+BCL6+ GC B cells, 
BCL6+IgD+ mantle zone B cells and BCL6+CXCR5+ follicular 
T helper cells, all of which are found in TLS.43,44,49 

Concomitant with these findings, we detected higher percen-
tages of naïve T cells in tumor digests with high B cell 
infiltrates.

Previous reports showed that high B cell infiltrates, includ-
ing the presence of TLS, are positive indicators for good 
response rates to checkpoint inhibitors.23,25 Therefore, it may 
seem counterintuitive that high B cell infiltrates in the tumor 
digest negatively correlate with tumor-reactivity of expanded 
TIL products. We postulate that this divergence stems from the 
different starting point of these two therapeutic approaches. 

The anti-tumoral effect of checkpoint inhibitors depends not 
only on re-activation of tumor-specific T cells infiltrating the 
tumor,31,33,54,55 but also on the activation of newly generated 
tumor-specific T cell responses. The latter occurs in draining 
lymph nodes and in TLS,56 ensuring a continuous recruitment 
of novel T cell clones during the treatment. The therapeutic 
success of checkpoint inhibition thus relies on dynamic 
changes of immune cell infiltrates and activity in the TME. 
Conversely, the generation of tumor-reactive TIL products 
from tumor lesions depends entirely on the status quo of 
T cell infiltrates at the time of tumor excision. To obtain 
tumor-reactive TIL products, the tumor lesion must already 
contain tumor-reactive TILs, which can be expanded and reset 
to potent effector T cells during the 4 weeks expansion protocol 

Figure 1. Increased T and B cell infiltrates in NSCLC tumor lesions with high inter-patient variability. (a) Cells per gram tissue obtained from lung tissue (left; n = 26), 
early-stage NSCLC tumor lesions (middle; n = 26) and late-stage NSCLC tumor lesions (right; n = 20) after digestion. (b, c) CD45+ immune infiltrates as (b) percentage of 
total number of cells, and (c) per gram tissue from indicated tissue digests. (d) Averaged percentages of various immune infiltrates of indicated tissue digests, immune 
cell types are colored according to cell type shown in panel G. (e-h) Composition of immune infiltrates in (e) lung tissue, (f) early-stage and (h) late-stage NSCLC tumor 
lesions from individual patients. (g) Percentages of immune infiltrates from E-H are presented as median with interquartile range. Statistical significance for lung and 
early-stage tumor digest was defined with paired t-test and for late-stage tumors compared to early-stage tumor and lung tissue with unpaired t-test. p-value *>0.05, 
**>0.005.
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of the TIL cultures. The success of TIL therapy thus depends on 
available T cell clones within the tumor lesions at the starting 
point of expansion. It is thus tempting to speculate that 
whereas TLS support the activity of checkpoint inhibitors in 
the patients, a high prevalence of TLS-associated immune 
infiltrates, which increases the presence of naïve bystander 
T cells that still need to be primed,41,43 rather hampers the 
effective outgrowth of tumor-reactive T cell during expansion. 
Probably, these naïve ‘bystander’ T cells outcompete the 
tumor-responsive TILs in number, and possibly in expansion 
capacity. Therefore, a pragmatic solution as B cell depletion 
before starting the expansion, will not do the trick to optimize 
the generation of tumor-responsive TIL products. Combined, 
our findings strongly suggest that the parameters defining the 
treatment success of checkpoint inhibitors versus TIL therapy 
differ. In line with this hypothesis, recent studies showed that 
patients that were refractory to checkpoint inhibitors can still 
benefit from TIL therapy.7,15

It is noteworthy that TLS in tumors can have different 
maturation statuses.57 Only the presence of immature TLS 
correlated with improved progression free survival and overall 

survival in NSCLC patients.58 This correlation fell short for 
tumors containing mature TILs with high numbers of antibody 
secreting B cells, Tfh cells and follicular-DCs.58 Based on the 
limited number of samples available to validate the presence of 
BCL6+ B cells and Tfh cells, we cannot draw any conclusions 
on mature or immature TLS present in the tumor lesions. The 
same accounts for the regulatory effect B cells theoretically can 
exert on TIL cultures, by secreting IL-10.59 For future studies, it 
would be interesting to study the regulatory potential of B cells, 
for example to investigate if an increased B cell infiltrate in 
tumor lesions also indicates an increased IL-10 secreting B cell 
population. Nonetheless, in this cohort there was no correla-
tion between B cell infiltrates and expansion potential of the 
TIL products (Figure 2(c)). Furthermore, it would be interest-
ing to include the CXCL13-CXCR5 axis in future studies. One 
would speculate that, if indeed TLS are influencing the T cell 
state in the TME, and cause an influx of CXCR5+ CD4+ Tfh 
cells, there would also be an increase of CXCL13+ CD8+ T cells 
in the tumor, might explaining the lack of anti-tumor response 
from the TIL products.60 In future studies, it would be of added 
value to include IHC or other spatial phenotype panels, to 

Figure 2. Tumor-specific immune infiltrates correlate with T cell functionality of expanded TIL products. (a) Correlation heatmap between different immune infiltrates of 
early- and late-stage NSCLC tumor lesions combined (n = 46). (b) Scatterplots show significant correlations between B cell infiltrate with conventional CD4+ T cells, and 
monocyte infiltrate with neutrophils. (c) Correlation heatmap between the percentage of immune infiltrate subsets of early-stage and late-stage NSCLC tumor lesions 
combined with the expansion rate (fold change) of T cells during preREP (first 1-13 days), REP (second 1-13 days) and total expansion phase (preREP + REP). (d) The 
scatterplot shows the correlation between the percentage of conventional CD4+ T cells with the preREP phase. (e) Correlation heatmap of indicated immune infiltrates 
of NSCLC tumor lesions ex vivo with anti-tumoral response of expanded TIL products, as defined by CD137 expression, production of at least one of the key cytokines 
(IFNγ, TNF, and/or IL-2), production of two or more cytokines (polyfunctional) for the entire cohort, and CD107α expression (n = 29) and by CD4+ and CD8+ T cells, after 
6-7 h of co-culture with autologous tumor digest. (f) Scatterplots show significant correlations from panel (e) depicted for individual patients. The upper right scatterplot 
shows the division for patient samples with expansion starting from fresh material (black) or cryopreserved material (blue). All correlation heatmaps report Spearman’s 
coefficient (rs) and *p < 0.05, **p < 0.005. All scatterplots show the Spearman’s coefficient (rs) and p-value. The red line indicates the regression line of the correlation, 
and the gray area represents the confidence interval.

8 S. M. CASTENMILLER ET AL.



Figure 3. PD-L1 and HLA-DR expression on DCs and neutrophils correlate with T cell functionality. (a, b) Raincloud plots of (a) PD-L1 and (b) HLA-DR expression on 
different immune cell subsets of early-stage (gray dots) and late-stage (black dots) NSCLC tumors. Per cell type, a density plot (top) and boxplot with each dot 
corresponding to individual patients is shown. (c) Scatterplots show correlation between PD-L1 and HLA-DR expression on indicated cell types. (d, e) Correlation 
heatmaps of different immune cell infiltrates with the percentage of (d) PD-L1 expression and (e) HLA-DR expression on different immune infiltrates. (f, g) Correlation 
heatmaps of different immune cell infiltrates with the percentage of (f) PD-L1 expression and (g) HLA-DR expression with indicated anti-tumoral response of expanded 
TIL products upon 6 h of co-culture with autologous tumor digest. All correlation heatmaps report Spearman’s coefficient (rs) and *p < 0.05, **p < 0.005, ***p < 0.0005. 
All scatterplots show the Spearman’s coefficient (rs) and p-value. The red line indicates the regression line of the correlation, and the gray area represents the confidence 
interval.

ONCOIMMUNOLOGY 9



visualize the spatial composition within the tumor lesions used 
for TIL generation, with a focus on TLS-associated markers like 
BCL6, CXCR5 and CXCL13. With the digestion of the tumor 
pieces prior to the expansion protocol, spatial information is 

lost, which might even provide more information on the influ-
ence of the immune infiltrate.

We also observed other correlations of immune infiltrates 
with the tumor reactivity of TIL products. For instance, the 

Figure 4. NSCLC lesions with high B cell infiltrates correlate with increased naïve T cell populations. (a) Correlation heatmap of T cell differentiation subsets in the tumor 
digest with indicated anti-tumoral response of expanded TIL products upon 6 h of co-culture with autologous tumor digest. (b) Correlation heatmap of different 
immune infiltrates with T cell differentiation subsets in the tumor digest. (c) Running hypothesis for the difference in tumor reactive TIL products from high and low 
B cell infiltrated NSCLC lesions. Teff: Effector T cell. Tn: naïve T cell. Tfh: follicular helper T cell. All correlation heatmaps report Spearman’s coefficient (rs) and *p < 0.05, 
**p < 0.005.
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presence of neutrophils positively correlated with TIL func-
tionality. Interestingly, this positive correlation primarily ori-
ginated from neutrophils that lacked the expression of PD-L1 
or HLA-DR. PD-L1 expression on neutrophils has been shown 
to block T cell activation and function61 and correlates with 
poor outcome of hepatocellular carcinoma and gastric cancer 
patients.62,63 Also in NSCLC, neutrophils are present in high 
numbers in the tumor lesions, and define the treatment out-
come to immunotherapy,23,28,64 as neutrophils are considered 
a negative prognostic factor for NSCLC patients treated with 
the checkpoint inhibitors.23,28,65,66 Interestingly, we show here 
that high percentages of neutrophil infiltrates rather positively 
correlate with the tumor-reactivity in TIL products. This, how-
ever, only holds true when neutrophils express low levels of 
PD-L1 and HLA-DR. Furthermore, this feature is lost after 
neutrophil depletion before the start of expansion, due to the 
usage of cryo-preserved tumor digest (Figure 2(f)). This could 
indicate that neutrophils actively prime the T cells during the 
culture and therefore contribute to tumor-reactive TIL pro-
ducts. It would be interesting to further decipher the nature 
and heterogeneity of neutrophils within the tumor lesions. 
However, because neutrophils can only be phenotyped and 
further studied from freshly digested tumor lesions,67 we 
could not follow up on this observation. Nevertheless, measur-
ing the overall activation status of neutrophils may provide 
clues to define under which circumstances neutrophils are 
immunosuppressive, and if or how they are interacting with 
the T cells during the culture.

In conclusion, we show here that the efficacy of generating 
tumor-reactive TIL products correlates with the immune cell 
composition of the obtained tumor lesion. The role of immune 
composition substantially differs from what is required for 
patients to respond to checkpoint inhibition. Therefore, we 
propose that defining the composition of immune infiltrates 
may help define whether a patient is more likely to respond to 
checkpoint inhibition, or to TIL therapy.

Materials and methods

Tumor sample collection

Tumor samples were collected between April 2016 and 
November 2020. From early-stage patients, tissue from tumor 
lesions and healthy distal lung tissue was obtained (n = 30). 
From late-stage patients, tissue from metastatic tumor lesions 
were collected (n = 20). All tumor and tissue samples were 
measured in length at the pathology department. Four early- 
stage patients were excluded from the downstream analysis due 
to technical errors, resulting in a cohort of 26 early-stage 
NSCLC patients and 20 late-stage NSCLC patients. 11 early- 
stage and 18 late-stage patients had been included in previous 
reports12,14 (Table 1 and 2). The study was performed accord-
ing to the Declaration of Helsinki (seventh revision, 2013), 
with consent of the Institutional Review Board of the 
Netherlands Cancer Institute/Antoni van Leeuwenhoek 

Figure 5. NSCLC lesions with high B cell infiltrates display tls-specific immune cell composition. (a) Representative gating on CD19+ B cells to identify CD27+ CD38+ 

antibody secreting cells (ASC), CD138+ CD27+ CD38+ B cells, IgA+ IgG+ CD27+ class-switched B cells, IgM+ IgD+ naïve B cells, and IgM+ B, or IgD+ B cells. (b) Compiled 
data of patient #30 and #IV-14 with low B cell infiltrates, and patient #31 and #42 with high B cell infiltrates and (c) percentage of BCL6 expression on indicated B cell 
subsets. (d) Left panel: BCL6 expression of ASC B cells derived from NSCLC lesions with low (black) or high (red) B cell infiltration. Right panel: Representative flow 
cytometry analysis of BCL6+ expression on IgD+ B cells. (e) Representative gating of CXCR5+ on CD4+T cells. (f) Left panel: percentage of BCL6 expression on Tfh from 
patient #30, #IV-14 and #IV-16 (low B cell infiltration) and patient #31, #42 and #IV-15 (high B cell infiltration). Middle panel: representative BCL6 staining of tumor- 
infiltrating Tfh. Right panel: percentage of naïve T cells present in indicated tumor lesions. Bar graphs depict mean with range.
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Hospital (NKI-AvL), Amsterdam, the Netherlands. Tumor and 
lung tissue was obtained and processed within 4 hours after 
surgery.

Tissue digestion

All samples were weighed prior to digestion. Tissue digestion 
was performed as previously described.12,14 Briefly, freshly 
isolated tumor or lung tissue was finely chopped and enzyma-
tically digested for 45 min at 37°C with RPMI (Gibco) contain-
ing 30 IU/ml collagenase IV (Worthington), 12,5 μg/ml DNAse 
(Roche), and 1% FBS (Bodego, Bodinco BV) to obtain a single 
cell suspension. Live and dead cells were manually counted 
with tryphan blue solution (Sigma) on a hemocytometer. 
Approximately 1 × 106 cells were used per antibody staining 
mix for flow cytometry analysis. The remaining digest was used 
for TIL expansion cultures, or cryo-preserved until further use.

TIL expansion

1-3×106 cells were cultured in 24-well plates at 37°C and 5% 
CO2 in 20/80 T-cell mixed media (Miltenyi) containing 5% 
human serum (HS) (Sanquin), 5% FBS, 50 μg/ml gentamycin, 
1.25 μg/ml fungizone, and 6000 IU human recombinant (hr) 
IL-2 (Proleukin, Novartis) for 10–13 days (pre-Rapid 
Expansion Phase; pre-REP). Cells were cultured for another 
10–13 days (REP) with irradiated PBMCs pooled from 15 
healthy blood donors, 30 ng/ml anti-CD3 antibody (OKT-3) 
(Miltenyi Biotec) and 3000 IU/ml hrIL-2 as previously 
reported.12 Expanded TILs were used immediately for analysis, 
or cryo-preserved in RPMI medium 1640 containing 10% 
Dimethyl Sulfoxide (DMSO) (Corning) and 40% FBS until 
further use.

T cell activation

Expanded TILs (REP) were counted with tryphan blue stain-
ing. To allow for detection of CD4 and CD8 expression after 
activation, cells were pre-stained with anti-CD4 and anti-CD8 
for 30 min at 4°C in MACS buffer (PBS supplemented with 2% 
FBS and 2 mM EDTA) and anti-CD107α was added at the start 
of the co-culture. Cells were washed once with MACS buffer 
and taken up in fresh 20/80 T cell mixed media. 1 × 105 TILs 
were co-cultured with 2 × 105 autologous tumor digest for 6–7  
hours at 37°C. After 1 h, 1× Brefeldin A (Invitrogen), 
Monensin (Invitrogen) and anti-CD107α was added. As con-
trols, expanded TILs were stimulated with 10 ng/ml phorbol 
myristate acetate (PMA) and 1 μg/ml ionomycin for 6-7 h, or 
cultured with T cell mixed medium alone.

Flow cytometry acquisition and analysis

Staining protocols for freshly digested tumor material or 
expanded TILs was previously described.12,14 For detailed 
information about antibodies, see Table 3. Cells were washed 
twice with MACS buffer before staining. Live/dead fixable 
near-IR APC-Cy7 dye (Invitrogen) was included in surface 
staining mix for dead cell exclusion. Freshly digested single 
cell suspensions from tumor and lung tissue were stained with 

CD1a, anti-CD3, anti-CD11b, anti-CD11c, anti-CD14, anti- 
CD15, anti-CD16, anti-CD19, anti-CD20, anti-CD33, anti- 
CD45, anti-CD274, and anti-HLA-DR. For T cell differentia-
tion analysis, single cell suspensions from digested tissue were 
stained with anti-CD3, anti-CD4, anti-CD8, anti-CD25, anti- 
CD27, anti-CD45RA, anti-CD127. Intracellular staining with 
anti-CD68 (freshly digested tumor lesions) and anti-Foxp3 (T 
cell differentiation) was performed after fixation for 30 min 
with Perm/Fix Foxp3 staining kit (ebioscience), according to 
the manufacturer’s protocol.

After T cell activation, cells were washed twice with MACS 
buffer and stained with anti-CD3. Live/dead fixable near-IR 
APC-Cy7 dye (Invitrogen) was included for dead cell exclu-
sion. Cells were washed twice with MACS buffer and fixed for 
30 min with Perm/Fix Foxp3 staining kit (according to the 
manufacturer’s protocol) and stained with anti-CD137, anti- 
IL2, anti-IFNγ, and anti-TNF for 30 min at 4°C.

Cells were washed once with 1× Perm/Wash (ebioscience), 
taken up in MACS buffer and passed through a 70 µm single- 
cell filter prior to flow cytometric analysis on Symphony A5 
(BD Biosciences). To ensure reproducibility, flow cytometry 
settings were defined for each patient with single antibody 
staining, and a standardized PBMC sample pooled from 4 
healthy donors that was cryopreserved before the start of the 
study and used throughout.

Phenotypic analysis of tumor-infiltrating B cells and CD4+ 

T cells was performed on cryopreserved tumor digest patients 
with low B cell infiltrates (#30, #IV-14, #IV-16), patients with 
high B cell infiltrates (#31, #42, #IV-15). Defrosted cells were 
incubated for 1 hour at 37°C in RPMI at 2 × 106 cells/ml 
containing 5% HS, 5% FBS, 50 μg/ml gentamycin, 1.25 μg/ml 
fungizone and 50 IU hrIL-2 (culture medium; CM), and then 
stained in MACS buffer for 30 min at 4°C with anti-CD3, anti- 
CD4, anti-CD11c, anti-CD19, anti-CD21, anti-CD24, anti- 
CD27, anti-CD38, anti-CD138, anti-IgA, anti-IgD, anti-IgG 
and anti-IgM, see detailed information in Table 3. Live/dead 
fixable near-IR APC-Cy7 dye (Invitrogen) was included for 
dead cell exclusion. Cells were washed twice with MACS buffer 
and fixed for 30 min with Perm/Fix Foxp3 staining kit and 
stained with anti-CXCR5 and anti-BCL668 for 30 min at 4°C, 
according to manufacturer’s protocol. Cells were washed once 
with Perm/Wash, taken up in MACS buffer and passed 
through a 70 µm single-cell filter prior to flow cytometry ana-
lysis on ID7000 Spectral Cell Analyzer (Sony Biotechnologies). 
Data analysis was performed with FlowJo Star 10.7.1 (BD).

Gating in R

For flow cytometry measurements of T cell subsets and T cell 
differentiation status from tumors that had not been reported 
previously (Table 2), and PD-L1 and HLA-DR expression on 
immune infiltrates were analyzed in R (version 4.1.1).69 FCS 
files were exported from the Symphony A5 (BD Biosciences) 
flow cytometer and imported into the R environment using 
flowCore package (version 2.4), and then cleaned with flowAI 
package (version 1.22.0).70,71 Cleaned FCS files were compen-
sated using CytoExploreR package (version 1.1.0).72 Manual 
and automated gates with OpenCyto package (version 2.4)73 

were used to gate for different T cell subsets and T cell 
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differentiation states (supplemental figure S2A and S4A), as 
well as for PD-L1 and HLA-DR expression on immune infil-
trates (supplemental figure S3A). The resulting gates were 
visualized with ggcyto package (version 1.20.0).74

Data processing

To define the overall lymphoid and myeloid infiltrates from 
tumor lesions and lung tissue, FCS files from FACSDiva were 
exported, compensated and pre-gated in FlowJo Star v10.7.1 
to remove debris, doublets, dead cells, and to enrich for 
CD45+ live cells. Pre-gated FCS files were exported from 
FlowJo and pre-processed in a multistep analysis with an in- 
house  deve loped  R  p ipe l ine  (ht tps : / /g i thub .com/  
NandhiniKanagasabesan/NSCLC_Project). First, FCS files 
were imported into the R environment, and expression values 
of selected markers were extracted from each FCS file with 
flowCore package (version 2.4) (supplemental figure S1B).75 

Batch correction for all patient combined was performed as 
follow: 1) The marker expression values were transformed 
using hyperbolic arcsine transformation, which linearizes 
near-zero values and logarithmically transforms higher posi-
tive and negative values with rrscale package (version 1)70,76 

and 2) Transformed data were then median-centered and 
scaled.70

Clustering in CytoTree

Pre-processed FCS files were clustered and visualized with 
CytoTree package in R (version 1.3).77 For UMAPs, the 
expression values from each pre-processed FCS file were 
merged using the ceil method. Pre-processed FCS file with 
more than 50k cells, with sub-sampled at random 50k cells 
(without replacement); otherwise, all data was used and 
aggregated to allow for downstream application. The expres-
sion matrix and metadata (patient ID) were combined to 
build a CYT object, on which unsupervised clustering was 
performed with self-organizing maps (SOM), resulting in 25 
clusters. Clusters were processed by dimensionality reduc-
tion (UMAP). Tree-shaped trajectories were built using 
minimum spanning tree (MST) approach. With heatmap 
visualization and tree plot, clusters were assigned to meta 
clusters (immune cell populations) that were identified by 
comparing the expression of markers (supplemental figure 
S1B). Clusters of immune cell populations were visualized on 
a 2-dimensional UMAP plot.

Statistical analysis and data visualization

The percentage of live immune infiltration was calculated with 
CytoTree package in R. The difference between lung and early- 
stage lesions was calculated with paired Student t-test, and 
between early stage and late-stage lesions with unpaired 
Student t-test. Correlation of immune infiltrates with immune 
infiltrates, TIL expansion and with tumor reactivity was calcu-
lated using Spearman’s Rank correlation with Hmisc R package 
(version 4.7.1).78 The correlation was considered statistically 
significant when p-value <0.05.

Plots, correlation heatmaps and raincloud plots were gen-
erated with GraphPad Prism (Dotmatics, version 9.1.1), 
Cytotree (version 1.3), ggplot2 (version 3.4.2),77,79 and ggdist 
(version 3.3)80 packages in R.
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